Background: Tripartite motif-containing protein 11 (TRIM11), a member of RING family of E3 ubiquitin ligases, is identified as an oncogene in certain human tumors. However, the detailed biological function of TRIM11 in chordoma is still unclear. The purpose of present research is to explore the role of TRIM11 in human chordoma cells.
Background
Chordomas are one of the aggressive malignancies, which arise from notochordal remnants along the spine and subsequently infiltrate the adjacent muscular, nervous and related joints [1, 2] . Due to the resistant of chordoma to conventional chemotherapies and radiotherapies, surgical resection is still the main option for its treatment [3] . However, the outcome is far from satisfactory. Worse more, the high recurrent of chordoma is associated with poor survival rate. The overall 5-year survival is less than 50% [4] . Therefore, the novel effective approaches for its treatment are urgently needed.
Tripartite motif-containing protein 11 (TRIM11), a member of E3 ubiquitin ligases, is reported as an oncogene in certain human tumors [5] . Overexpression of TRIM11 promotes cell proliferation and inhibits apoptosis in colon cancer cells [6] . Moreover, TRIM11 had improved the growth, migration and invasion of lung cancer cells [7] . Moreover, silencing of TRIM11 has suppressed the activation of the phosphatidylinositide 3-kinase/protein kinase B (PI3K/AKT) signaling pathway in hepatocellular and ovarian cancer cells, respectively [8, 9] . The PI3K/AKT signaling pathway plays a critical role in the pathogenies of human cancers, which is believed as a promising anti-cancer target [10, 11] . However, the detailed relationship between TRIM11 and AKT is still unclear in chordoma cells.
PH domain leucine-rich repeats protein phosphatase 1 (PHLPP1) belongs to a novel family of Ser/Thr protein phosphatases and serves as tumor suppressor in several cancers [12] . It has been confirmed that PHLPP1 suppresses the activity of PI3K/AKT signaling pathway through dephosphorylating [13] . By using UbiBrowser database, TRIM11 is predicted to interact with PHLPP1 and serves as its potential E3 ligase (http://ubibr owser .ncpsb .org/ubibr owser /home/index ). However, the supporting evidence for this connection has not been explored in chordoma.
In the present research, we analyzed the biological function of TRIM11 in human chordoma cells. TRIM11 was induced knockdown and overexpression in chordoma cells using RNA interference (RNAi) and lentiviral vector. This research not only deepened the understanding of TRIM11 but also indicated its potential target and signaling pathway in human chordoma cells.
Methods

Human chordoma tissues
A total of 40 human chordoma and adjacent-matched noncancerous tissues were provided by the First Affiliated Hospital of Soochow University, Suzhou, Jiangsu 215006, P.R. China. All tissues were stored at − 80 °C after being snap-frozen in liquid nitrogen.
Cell culture
The cell lines used in this study (NPs; MUG-Chor1 and U-CH1) were purchased from cell bank of Shanghai biology institute (Shanghai, China). Cells were seeded in DMEM Medium (Trueline, USA) and were cultured in the incubator with the condition of 5% CO 2 , at 37 °C. The AKT inhibitor LY294002 (25 μmol/L; S1105, Selleck, USA) and MG132 (10 μmol/L; Selleck, USA) were dissolved in DMSO (D2650, Sigma, USA) and used to culture cells.
RNA extraction and qRT-PCR
TRIzol Reagent kit (Invitrogen, USA) was utilized to isolate total RNA from all samples. Then, the complementary DNA (cDNA) was synthesized by the cDNA synthesis kit (Fermentas, Canada) following the manufacturer's introduction. The program of qRT-PCR was set as follows: 95 °C for 10 min followed by 40 cycles of 95 °C for 15 s, 60 °C for 45 s. 2 −ΔΔCt method was used to calculate the gene relative expression and normalized to GAPDH. Each analysis was performed for three times. Primer sequences were listed in Additional file 1.
Western blot
Total proteins were isolated by using RIPA lysis buffer (JRDUN, Shanghai, China). Protein concentrations were determined by using BCA protein assay kit (Thermo Fisher, USA). The protein was fractionated through running on 10% SDS-PAGE and subsequently transferred the gel to a nitrocellulose membrane (Millipore, USA) for 12 h. Then, the membranes were probed with the primary antibodies at 4 °C overnight followed by secondary antibody anti-mouse IgG (Beyotime, China) at 37 °C for 60 min. The protein content was detected by chemiluminescence system (Tanon, China). The product information of primary antibodies was listed in Additional file 1: Table S1 .
Knockdown and overexpression
Three short interfering RNAs (siRNA, 50 pmol) targeted to different regions of human TRIM11 (NM_145214.2) and a non-specific siRNA (siNC) were linked with Lentiviral vector (pLKO.1). Then, the recombined vectors (1 μg) transiently transfected in chordoma cells (2 × 10 5 ), respectively by Lipofectamine 2000 (Invitrogen, USA). The sequences information of siTRIM11 s was listed in Additional file 1: Table S2 .
Meanwhile, pLVX-puro vector contained the full length of human TRIM11 or PHLPP1 (NM_194449.4) cDNA sequence (oeTRIM11 or oePHLPP1; 1 μg) was transiently transfected in chordoma cells (2 × 10 5 ), respectively. The mock plasmid (oeNC) was acted as negative control (oeNC). Analyses were established at 48 h after being transfected. Real-time PCR and Western blot analysis were performed at 48 h after transfection to assess knockdown efficiency.
Cell proliferation
The proliferation assay was performed by using the Cell Counting Kit-8 (CCK-8) assay kits (SAB, USA). In brief, Cells were cultured for 0, 24, 48 and 72 h and mixed with the CCK-8 solution (1:10) for each well. Then, cells were incubated for 1 h. The OD450 nm was measured by Microplate reader (Pulangxin, China). Triplicates independently assays were needed for each time point.
Flow cytometry
Briefly, Annexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit (Beyotime, China) was utilized to examine the apoptosis rate of cells. All procedures were followed by the manufacturer's instructions. Flow cytometer (BD, USA) were utilized to determine cells at 48 h after infection. Three replications were needed for each sample.
Immunohistochemistry (IHC)
The paraffin-embedded chordoma and adjacent matched tissues were cut into 3 μm slices. Then, the slices were deparaffinized in xylene and subsequently rehydrated in a series of graded alcohol dilutions. After that, antigen retrieval was performed through high pressure in sodium citrate solution (0.01 M) for 15 min. The slices were incubated in H 2 O 2 (3%) solution to block the activity of endogenous peroxidase. Next, all samples were incubated with rabbit antibody to human TRIM11 antibody (Ab111694, Abcam, UK) overnight at 4 °C. Slides were then incubated with HRP at room temperature for 30 min. Then, all samples were stained by using DAB and re-stained by hematoxylin for 3 min. The images (magnification: 200×) were collected by using the microscope (ECLIPSE Ni, NIKON, Japan) and analyzed by the microimage analysis system (DS-Ri2, NIKON, Japan).
Histology
The tumor were embedded in paraffin and sectioned. Serial 5-μm slices were stained with hematoxylin and eosin (H & E). The images (magnification: 200×) were collected by using the microscope (ECLIPSE Ni, NIKON, Japan) and analyzed by the micro-image analysis system (DS-Ri2, NIKON, Japan).
TUNEL
Tunel staining assay was conducted by using the commercial Tunel kit (11684817910, Roche, Switzerland). All procedures were followed by the instruction of manufacture. There replicates were needed for each sample.
Co-immunoprecipitation (Co-IP)
In brief, whole-cell extracts were isolated after transfection or stimulation with appropriate ligands. Then, all samples were incubated by the appropriate antibodies plus Protein A/G beads (Santa Cruz Biotechnology, USA) overnight. Beads were washed five times and separated by SDS-PAGE. Western blot was performed as indicated above.
Ubiquitination assay
U-CH1 cells that transfected with siNC or siTRIM11 were lysed by sonication in 1% SDS-containing radio immunoprecipitation assay buffer on ice. Then, Lysates were treated by Protein A/G PLUS-Agarose (Santa Cruz Biotechnology, USA) for 1 h. After that, each samples were incubated with the IgG (Proteintech, USA) overnight at 4 °C. Then, the nuclear pellet was collected by centrifugation at 3000 rpm for 5 min at 4 °C and subsequently washed by Protein A/G Plus-Agarose beads for four times. The purified proteins were run on 4-20% gradient SDS-PAGE. Anti-PHLPP1 antibody (Ab135957, Abcam, UK) and anti-Ubiquitin antibody (ab7780, Abcam, UK) antibody were used for immunoblotting.
Xenograft model
Experiment was performed in agreement with the independent ethics committee of the First Affiliated Hospital of Soochow University and was guided by the Institute's guidelines for animal experiments. Moreover, this research was confirmed by the Institutional Animal Care and Use Committee (IACUC). U-CH1 cells that transfected with siNC or siTRIM11 (n = 5 × 10 6 ) were subcutaneously injected into the right flank of 4-6 week old nude mice (n = 6 for each group; Shanghai Laboratory Animal Company, China). Tumor length and width were determined every fourth day for a total of 40 days after injection. Tumor volume was calculated as length × (width 2 /2).
Statistical analysis
Statistical analyses were performed by using GraphPad Prism software Version 7.0 (CA, USA). All data represented as mean ± S.E.M from three independent experiments. For comparison between groups, statistical differences were tested with one-way analysis of variance (ANOVA), followed by a Sidak's test for multiple comparisons. Student's t test was used for unpaired comparison. Statistically significant was accepted as the p -value < 0.05.
Results
TRIM11 was upregulated in human chordoma tissues
In order to examine the expression profile of TRIM11, the location of TRIM11 was determined by performing immunohistochemical staining assay in human chordoma (Tumor, n = 20) and adjacent-matched bone tissues (Normal, n = 20). The normal tissues were functioned as negative control. As presented in Fig. 1 , it was clearly identified that the positive area of TRIM11 in normal tissues was much lower than that of chordoma tissues. Interestingly, the content of TRIM11 was extremely overexpressed in certain chordoma tissues (n = 8). Therefore, our results indicated that the expression of TRIM11 showed heterogeneity in different human chordoma tissues.
Silencing and overexpression of TRIM11 in chordoma cells
Next, we examined the level of TRIM11 in human chordoma cells (MUG-Chor1, U-CH1) and nucleus pulposus cells (NPs). Clearly, the relative mRNA levels of TRIM11 showed no significant difference among all three cell lines (Fig. 2a) . However, the protein contents of TRIM11 were upregulated in MUG-Chor1 or U-CH1 cells compared with that of NPs (Fig. 2b) . Therefore, TRIM11 was induced silencing in MUG-Chor1 and U-CH1 cells. Next, three short RNA interferences (siRNAs) targeting human gene TRIM11 (NM_145214.2) were synthesized (siTRIM11-1, siTRIM11-2 and siTRIM11-3) and subsequently transfected into MUG-Chor1 and U-CH1 cells respectively. Meanwhile, a non-specific siRNA served as negative control (siNC). Both the relative mRNA and protein contents of TRIM11 were remarkably inhibited by TRIM11 siRNAs (Fig. 2c, d) .
Meanwhile, we also induced overexpression of TRIM11 in U-CH1 cells. The full length of TRIM11 cDNA was inserted into the lentiviral vector (pLVX-Puro; oeT-RIM11). Then, the recombined vector was transfected into U-CH1 cells. The mock vector was treated as negative control (oeNC). Obviously, both the relative mRNA and protein level of TRIM11 were remarkably improved by oeTRIM11 in chordoma cells (Fig. 2e, f ) . Therefore, the oeTRIM11 transfected cells were chosen in the following analyses.
Silencing of TRIM11 suppressed the proliferation and promoted the apoptosis of chordoma cells
Next, we examined the proliferation rate of siTRIM11-1 or siTRIM11-2 transfected cells by performing CCK-8 assay. Clearly, the proliferation rate of MUG-Chor1 or U-CH1 cells was inhibited by siTRIM11-1 or siTRIM11-2 at 24 h after transfection and showed a stronger effect at 48 h in two cell lines (Fig. 3a, b) . These results indicated that TRIM11 was a pro-proliferation factor in chordoma cells.
Moreover, we also analyzed the apoptosis profile of MUG-Chor1 or U-CH1 cells that transfected with siTRIM11-1 or siTRIM11-2. As presented in Fig. 3c , the apoptosis rates of siTRIM11 transfected cells (MUGChor1: 15.3% and 13.6%; U-CH1 10.6% and 10.8%) were extremely higher than that of siNC transfected cells (MUG-Chor1: 3.8%; U-CH1: 1.5%). Therefore, knockdown of TRIM11 promoted the apoptosis of chordoma cells. Taken together, all these results demonstrated TRIM11 was an anti-apoptosis factor in chordoma cells.
It has been confirmed that X-linked inhibitor of apoptosis (XIAP) is a key apoptosis inhibitor [14] . Moreover, cleaved caspase-3 is well known as a biomarker for cell apoptosis [15] . In the present research, the protein content of XIAP was deeply reduced in siTRIM11-1 or siTRIM11-2 transfected cells. Meanwhile, the TRIM11 siRNAs significantly upregulated the protein content of cleaved caspase-3 in two chordoma cell lines. All these results indicated the similar results that knockdown of TRIM11 promoted the apoptosis of chordoma cells. Interestingly, the phosphorylation of AKT (p-AKT) was also deeply suppressed in siTRIM11-1 or siTRIM11-2 transfected cells.
LY294002 abolished the function of TRIM11 in chordoma cells
To further assess the relationship between TRIM11 and AKT in chordoma cells, the activity of endogenous AKT was inhibited by AKT inhibitor LY294002 in oeTRIM11 transfected cells.
Then, CCK-8 assay was used to examine the proliferation rate of oeTRIM11 transfected cells. These results illustrated that overexpression of TRIM11 accelerated the proliferation of chordoma cells. However, the proliferation rate of oeTRIM11 transfected cells was remarkably decreased in the presence of AKT inhibitor LY294002 (Fig. 4a) .
As presented in Fig. 4b , overexpression of TRIM11 deeply suppressed the apoptosis of chordoma cells (rate: Fig. 1 TRIM11 was upregulated in human chordoma tissues. ***p < 0.001 vs normal; magnification: ×200; ### p < 0.001 vs tumor-low 0.6%), whereas this effect was significantly abolished in the presence of the AKT inhibitor LY294002 (rate: 9.2%). Moreover, the protein content of XIAP was promoted in oeTRIM11 transfected cells and deeply suppressed by the inhibitor LY294002. Meanwhile, the AKT inhibitor LY294002 was also significantly improved the content of cleaved caspase-3 in oeTRIM11 transfected cells (Fig. 4c) .
Taken together, our findings demonstrated that the biological function of TRIM11 was abolished by the AKT inhibitor LY294002. Therefore, overexpression of TRIM11 promoted the phosphorylation of AKT in chordoma cells.
Silencing of TRIM11 promoted the translation of PHLPP1 in chordoma cells
We also examined the relative mRNA and protein levels of PHLPP1 in siTRIM11-1 or siTRIM11-2 transfected cells. Clearly, the relative mRNA level of PHLPP1 showed no significant difference between siNC and siTRIM11 transfected cells (Fig. 5a) . Interestingly, the protein content of PHLPP1 was remarkably upregulated in siTRIM11 transfected cells (Fig. 5b) . Therefore, these results suggested that silencing of TRIM11 contributed to the translation of PHLPP1, whereas didn't affect its transcription in chordoma cells.
TRIM11 interacted with PHLPP1 in chordoma cells
To further examine the connection between TRIM11 and PHLPP1, co-immunoprecipitation (Co-IP) assay was performed to determine the interaction between TRIM11 and PHLPP1. As shown in Fig. 5c , it was easily identified that there was a strong interaction between TRIM11 and PHLPP1 in chordoma cells.
Silencing TRIM11 inhibited the ubiquitination of PHLPP1 in chordoma cells
Previous report has demonstrated that proteasome inhibitor MG132 induces the inhibition of the ubiquitin (Ub) -proteasome pathway in cancer cachexia [16] . At present research, we cultured the siNC or siTRIM11 transfected The relative mRNA and protein levels of TRIM11 were significantly suppressed in MUG-Chor1 and U-CH1 that transfected with TRIM11 siRNAs (siTRIM11-1, siTRIM11-2 and siTRIM11-3); ***p < 0.001 vs siNC. e, f The relative mRNA and protein levels of TRIM11 were significantly upregulated in U-CH1 transfected cells; ***p < 0.001 vs oeNC cells in the present of MG132. Interestingly, MG132 promoted the accumulation of PHLPP1 in siTRIM11 transfected cells (Fig. 5d) . These findings elucidated that TRIM11 might involve in the ubiquitination of PHLPP1. Therefore, the ubiquitination assay was conducted to examine the level of Ub-PHLPP1 in siNC or siTRIM11 transfected cells respectively. Clearly, knockdown of TRIM11 deeply suppressed the content of Ub-PHLPP1 in siTRIM11 transfected cells (Fig. 5e) . Therefore, TRIM11 might promote the ubiquitination of PHLPP1 to enhace its degradtion in chordoma cells.
Overexpression of PHLPP1 suppressed the function of TRIM11 in chordoma cells
To further analyze the function of PHLPP1 in chordoma cells, PHLPP1 was induced overexpression in chordoma cells. Clearly, both the relative mRNA and protein level of PHLPP1 were significantly upregulated in chordoma cells (Fig. 6a, b) . Meanwhile, the oePHLPP1 vector was also transfected into oeTRIM11 cells. As presented in Fig. 6c , the apoptosis was significantly upregulated in oePHLPP1 transfected cells (rate: 10.7%). Interestingly, the apoptosis of double transfected cells (oeTRIM11 + oePHLPP1; rate: 5.9%) was lower than that of oePHLPP1 transfected cells. Moreover, overexpression of PHLPP1 deeply released the suppression of TRIM11 in the apoptosis of chordoma cells (rate: 0.3%). Importantly, the content of p-AKT was significantly inhibited in oePHLPP1 transfected cells. Moreover, overexpression of PHLPP1 deeply reduced the content of p-AKT in oeTRIM11 transfected cells (Fig. 6d) .
Knockdown of TRIM11 reduced the tumorigenicity of chordoma cells in vivo
To examine the role of TRIM11 in tumor formation in vivo, we constructed chordoma model on nude mice. In this section, a total of 12 nude mice were randomly divided into two groups (siNC and siTRIM11). All mice were acclimated in separate cages for 1 week. Then, an equal number of U-CH1 cells (5 × 10 6 ) that transfected with siNC or siTRIM11 was subcutaneously inoculated in armpits of nude mice (n = 6 for each group).
Obviously, both of the siNC or siTRIM11 transfected cells were able to develop into tumor. However, our results indicated that the tumor volume and weight of siTRIM11 group was significantly reduced compared with that of siNC group (Fig. 7a, b) . Moreover, histological examinations of the tumors were performed after resection. As presented in Fig. 7c , the tumor of siNC group identified a large number of dense and highly proliferative cancer cells. As for the tumor of siTRIM11 transfected cells, the tumor staining was significantly decreased. Moreover, the ratio of nuclear-to-cytoplasmic was lower than that of siNC group. All these results indicated a massive tumor cell death. Importantly, the results from TdT-mediated DUTP nick end labeling (TUNEL) staining also suggested the cell apoptosis rate of siTRIM11 tumor was much higher than that of siNC tumor (Fig. 7d) .
We also examined the protein content of TRIM11 and PHLPP1 in different tumors. The content of TRIM11 was deeply downregulated in the tumor of siTRIM11 group. Meanwhile, PHLPP1 showed an opposite pattern as that of TRIM11 in siTRIM11 tumor. Taken together, all these results demonstrated that TRIM11 was the oncogene in the pathological process of chordoma in vivo. 
Discussion
Chordoma is one of the deadly tumors that deeply threaten the quality of human life. Due to the limited outcome of the surgery resection, more attention has been focused on the molecular targeted therapy (MTT) in the treatment for chordoma [17] . In the present research, our results not only demonstrated that TRIM11 was an oncogene in the pathological process of chordoma but also indicated its potential value as a target in chordoma. These data deepened the understanding into the molecular basis of this deadly malignancy.
The PI3K/AKT signaling pathway plays an essential role in tumorigenesis. It has been confirmed that the phosphorylation of AKT is upregulated in chordoma tissues and cells [18] . Moreover, high content of p-AKT was associated with poor prognosis [19] . TRIM family members are closely related to the activity of PI3K/AKT signaling pathway in human tumor cells [20, 21] . In this research, our results indicated TRIM11 was positively correlated with p-AKT in chordoma cells. The AKT inhibitor LY294002 deeply abolished the function of TRIM11. Therefore, TRIM11 might promote the growth of chordoma cells through regulating AKT signaling pathway.
It has been reported that PHLPP inhibits the activity of PI3K/AKT pathway and served as the tumor suppressor [22] . Meanwhile, manipulation the expression of PHLPP1 is believed as a promising potential therapeutic approach in the treatment for chordoma [23] . In this study, overexpression of PHLPP1 promoted the apoptosis of chordoma cells and downregulated the level of p-AKT. Therefore, enhancing the activity of PHLPP1/AKT signaling pathway was promising approach in the treatment for chordoma.
E3 ubiquitin ligases have catalyzed the ubiquitination of many proteins, which plays an essential role in carcinogenesis [24] . At present research, it was the first time to provide evidences to confirm that TRIM11 interacted with PHLPP1 and mediated its ubiquitination in chordoma cells. Moreover, our results indicated that TRIM11 promoted the ubiquitination of PHLPP1, which might accelerate its degration in chordoma cells and subsequently release the suppression of PHLPP1 to p-AKT in chordoma cells. Hence, TRIM11 might be a novel component in PHLPP1/ AKT signaling pathway. More importantly, our findings indicated the critical role of post-translational modification in the pathogenic process of chordoma. 
